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Inset shows the comparison of decay time, Ni→Er ET extents and Ni→Er ET efficiencies.
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The time decay profiles of the Ni 2+ emission at 1400 nm for the Ni-only doped sample was compared with those for the Er, Ni codoped sample. The measured time-dependent intensity of the Ni-only doped sample was fitted by a bi-exponential function, , ……… (1)
and the Ni 2+ lifetime  Ni was determined by the equation (2) below for the Ni-only doped samples,
The  Ni value of the CaTiO 3 :0.2 mol% Ni 2+ sample is 0.93 ms, which is comparable with the values previously reported for other oxide host materials. [1] [2] [3] [4] [5] [6] By introducing the Er 3+ acceptors, the Ni 2+ emission intensity declines rapidly because of the energy transfer from the Ni 2+ donors to the Er 3+ acceptors. The life time of Ni-emissions in the Ni, Er codoped samples ( Ni,Er value)
were also estimated (inset of Fig. S2 Internal quantum yiled (QY) is defined as the ratio of the number of photons emitted to the absorbed ones.
Thus, the number of photons emitted and absorbed should be evaluated precisely to determine the QY of
upconverters. An integrating sphere conntected with a spectrophotometer is generally employed to evaluate the photons numbers participated in the UC process. The sketch of the the QY measurement setup is presented in Fig.   S12 . A blank sample holder (quartz glass) is located at the bottom of the integrating sphere. Excitation light of 1490 nm were incident from the entrance port to be precisely focused on the sample holder. A convergent lens was used to focus the excitation light from the laser diodes. The spectroscopic data were recorded and corrected with the spectral response of the integrating sphere and spectrophotometer. Then, the sample holder was replaced with the sample using the identical holder. The spectra were again recorded and similarly corrected. Then, the QY value () is derived using the following equation. 17 CaTi 0.9 O 3 :15% Er, 0.2% Ni, 15%Li, 0.4%Nb, the UC QY was estimated to be ~2.53% under the 1490 nm laser of 1000 W/m 2 irradiation whereas it was only ~0.86% for the 1180 nm laser irradiation of very similar power density.
Less than 10% error arising from the reabsorption of the emitted photons at the excitation wavelength of 1490 nm was possible because it was omitted during the QY determination due to neglegible emission peak intensity.
